Abstract: The p-addition of alkyl radicals to chiral 2-(arylsulfinyl)-2-cyclopentenones 1. gives 3-alkyl-2-(arylsulfinyl)-1 -cyclopentanones 2 with stereoselectivities depending on the bulkiness of alkyl radicals as well as the aryl sulfoxides. The X-ray analysis of the single crystal as well as the NOE experiment of 2,4,6-triisopropylphenyl sulfoxides U showed the effective shielding at the P position by the triisopropylphenyl group. The reaction of a diastereomeric mixture of 4-methyl-2-sulfinyl-cyclopentenones and a gives the kinetically resolved addition product. Radical reaction of acyclic sulfinylpentenones gives abnormal Pummerer-type reaction products.
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Recently numerous new free-radical synthetic methods have emerged (1). Especially, interests have been focused on the stereoselective radical reactions. Intermolecular radical addition to C-2 chiral amide-substituted alkenes gives addition products a to the amide with significant stereoselectivity, whereas little or no selectivities are observed in the radical addition at the position p to the auxiliary (2). Curran and his coworkers have shown a successful diastereoselective p-addition to the alkene having a sterically bulky imide to give the p-addition product with high diastereoselectivity (3). We envisaged the diastereofacial control of the alkene face p to the carbonyl by the chiral sulfoxide auxiliary (4). Such sulfinyl auxiliary has some characteristic features. The sulfoxide has a trigonal pyramidal structure and the bulky substituent on the sulfinyl group is expected to shield a face of the alkene at the P position and to control the P-stereoselectivity of the radical attack. The S -0 and C=O bonds would be arranged either in the antiperiplanar orientation without Lewis acid or in the synperiplanar by chelating with bidentate Lewis acid (5). Furthermore, the sulfinyl group is chemically versatile and can be removed under mild conditions. These features render the sulfoxide group attractive as a chiral auxiliary in the stereoselective radical addition (6).
A CH2C12 solution of a-sulfinylcyclopentenones L was treated with trialkylboranes (7) in the presence of TiC12(0i-Pr)2 (8) or without Lewis acid at 0°C. The results are summarized in Table 1 . The reaction of (R)-2-( (3,5-di-tert-butyl-4-methoxyphenyl)sulfinyl)-2-cyclopentenone lb in the presence of TiC12(Oi-Pr)2 gave the addition product with higher diastereoselectivity in comparison with p-tolylsulfinylcyclopentenone (entries 1 and 3). The reaction without TiC12(0i-Pr)2 led to reversed-face selection (entry 2). Stereoselectivities depended on the bulkiness of the alkyl radicals, bulkier alkyl radical showing higher stereoselection (entries 3-6) . The sulfoxides having an o-substituted aryl group showed high diastereoselection without 7-14) . The stereochemistry of the addition product was the one expected from the transition state in which the S-0 and C=O bonds were in an antiperiplanar orientation. The early transition state is important in the addition of nucleophilic radicals to electron deficient olefins (2, 10). Single-crystal X-ray analysis of Ih. showed the antiperiplanar orientation of the S-0 and C=O bonds, and the distinct face-shielding effect of the 0-isopropyl group on the phenyl ring as shown in Fig. 1 . One of the isopropyl group is located below p position of the olefin, allowing radicals to attack the face opposite the triisopropylphenyl group (see top view in Fig. 1 ). The distance between the p-and isopropyl methine protons is 2.74 8, as shown in side view. Appreciable NOE was observed between these protons in the nmr study of la supporting this conformation in solution.
[ lop view J Fig. 1 Solid-state conformation of U and was reacted with tert-butyl iodide and triethylborane in CH2C12 at O°C for 1 h to give a single stereoisomer of tert-butyl addition product 5 quantitatively, the enone 4(R) being completely recovered (Scheme 2). Indeed, the reaction of the isolated isomer afforded 5 in 99% yield, whereas 4(R) did not react at all under the same conditions. Thus, this reaction, followed by removal of the sulfinyl moiety, would provide a convenient pathway for the preparation of chiral 3,4-dialkyl-substituted cyclopentanones starting with a mixture of two diastereomers such as and a. 
